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INTRODUCTION 
Shor t  React ion Time (SRT) l i q u e f a c t i o n  has a t t r a c t e d  much research  i n  r e c e n t  

years (1-11). The process, which i n v o l v e s  d i s s o l u t i o n  o f  coal  i n  a donor s o l v e n t  
d u r i n g  a s h o r t  t ime domain, has many advantages over  convent iona l  l o n g e r  r e a c t i o n  
t i m e  systems. 
u t i l i z i n g  i n s t e a d  t h e  i n h e r e n t  hydrogen i n  t h e  coa l  v i a  s h u t t l i n g  and aromat ic  
t r a n s f e r  mechanisms (1,2). The design and mathematical  m o d e l l i n g  o f  con t inuous  
r e a c t o r s  i s  a l s o  f a c i l i t a t e d  by the  knowledge o f  t h e  behaviour o f  t h e  coa l  a t  
s h o r t  residence t imes. 
two-stage l i q u e f a c t i o n  systems based on t h i s  new technology, t h u s  e n a b l i n g  t h e  
decoupl i n g  o f  thermal f rom c a t a l y t i c  processes. P r e l i m i n a r y  research  on  SRT 
systems has shown t h e i r  p o t e n t i a l  t o  g i v e  s i g n i f i c a n t l y  lower  gas and h i g h e r  
l i q u i d  y i e l d s ,  hence e n a b l i n g  more e f f i c i e n t  u t i l i z a t i o n  o f  hydrogen i n  t h e  
l i q u e f a c t i o n  process. 

The m a j o r i t y  o f  t h e  research has i n v o l v e d  US bi tuminous coa ls ,  w i t h  
Whitehurst  ( 3 )  r e p o r t i n g  t h a t  optimum o i l  y i e l d s  a r e  ach ieved w i t h  c o a l s  i n  t h e  
77-87% CMAF range. He pos tu la ted  t h e  observed lower  y i e l d s  f o r  t h e  lower  rank  
c o a l s  were a consequence o f  t h e  i n s o l u b i l i t y  o f  t h e  i n i t i a l l y  formed fragments i n  
t h e  donor s o l v e n t  due t o  t h e i r  more p o l a r  n a t u r e .  
suggested t h e  l a c k  o f  r a p i d  d i s s o l u t i o n  i s  a f u n c t i o n  o f  these coa ls  hav ing  more 
a l i c y c l i c ,  r a t h e r  than hydroaromat ic and aromat ic  systems, and hence a r e  l e s s  
capable o f  i n t e r n a l  hydrogen donat ion.  

The l i q u e f a c t i o n  o f  an A u s t r a l i a n  bi tuminous c o a l ,  L i d d e l l ,  a t  SRT 
c o n d i t i o n s  has r e c e n t l y  been r e p o r t e d  (9,10,11). The au thors  observed t r e n d s  
s i m i l a r  t o  those found f o r  US bi tuminous coa ls ,  w i t h  s i g n i f i c a n t  convers ion  
o c c u r r i n g  w i t h i n  t h e  f i r s t  few minutes o f  r e a c t i o n .  To determine whether 
A u s t r a l i a n  low rank  c o a l s  d i s p l a y  s i m i l a r  SRT behaviour t o  t h e i r  US c o u n t e r p a r t s  
a V i c t o r i a n  brown coa l  has been i n v e s t i g a t e d .  Th is  paper r e p o r t s  t h e  r e s u l t s  o f  
t h e  study; emphasizing conversion, o i l  y i e l d s  and produc t  analyses. 

The coal  used f o r  t h i s  study was a medium-l ight  l i t h o t y p e  V i c t o r i a n  brown 
coa l  from t h e  Loy Yang F i e l d  (bore 1277, depth  67-68 m ) .  
( p a r t i c l e  s i z e  range: 
a t  temperature.  The SRT r e a c t o r  and d e t a i l s  o f  i t s  o p e r a t i o n  are  descr ibed 
elsewhere ( 1 0 , l l ) .  The r e a c t i o n  temperature was 380°C, the  s o l v e n t  t o  coa l  r a t i o  
6:1, and t h e  hydrogen pressure a f t e r  i n j e c t i o n  t y p i c a l l y  2100-2350 p s i g .  
r e a c t i o n  t imes i n v e s t i g a t e d  were: 

gated and c h a r a c t e r i z e d  by a v a r i e t y  o f  a n a l y t i c a l  and spec t roscop ic  methods. 
Th is  has enabled bo th  phys ica l  and chemical i n s i g h t s  i n t o  t h e  r e a c t i o n s  o c c u r r i n g  
dirrino the i n i t i a l  and subseouent d i s s o l u t i o n  o f  t h e  brown c o a l .  

These i n c l u d e  t h e  consumption o f  n e g l i g i b l e  gaseous hydrogen, 

The r a p i d i t y  o f  t h e  process has l e d  t o  t h e  development o f  

Other workers (12)  have 

The d r i e d  c o a l  
90-150 pm) was i n j e c t e d  i n t o  t h e  donor so lvent ,  t e t r a l i n ,  

The 
0,2,3,4,10,20,45 and 120 minutes .  

The Tota l  O i l s  ( d e f i n e d  as CH2C12 s o l u b l e s )  and res idues  have been i n v e s t i -  

' 1  - - -_  
RESULTS AND DISCUSSION 

The product d i s t r i b u t i o n  data (Table 1 )  shows b o t h  the  convers ion  and o i l  
y i e l d s  t o '  inc rease w i t h  r e a c t i o n  t ime.  
t ime, which i s  assoc ia ted  m a i n l y  w i t h  gas p r o d u c t i o n  as r e f l e c t e d  i n  t h e  v e r y  
h i g h  g a s / o i l  y i e l d  r a t i o .  
overwhelmingly carbon ox ides  w i t h  o n l y  a minor  p o r t i o n  o f  hydrocarbon gases. 
S i m i l a r  gas composi t ions a r e  observed a t  t h e  o t h e r  r e a c t i o n  t imes w i t h  o n l y  t h e  
a b s o l u t e  amounts o f  t h e  gases vary ing .  
y i e l d s  w i t h  r e a c t i o n  t ime. 
a l l  r e a c t i o n  t imes, t h e  hydrocarbon gases do n o t  become s i g n i f i c a n t  u n t i l  20 
minu tes  of r e a c t i o n  t ime.  P r i o r  t o  t h i s  t h e y  are  o n l y  i n  t r a c e  amounts. The 
zero t ime conversion suggests t h a t  c o n t a c t  o f  the  d r i e d  coal  w i t h  t h e  h o t  
s o l v e n t  f o r  o n l y  a few seconds i s  s u f f i c i e n t  t o  promote decarboxy la t ion ,  

S u r p r i s i n g l y ,  t h e r e  i s  convers ion  a t  zero  

Gas analyses however show i t s  compos i t ion  t o  be 

The general  t r e n d  i s  t o  i n c r e a s i n g  gas 
Al though C02 and CO dominate t h e  gas p r o d u c t i o n  a t  
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decarbony la t i on  and t o  a much l e s s e r  ex ten t  d e a l k y l a t i o n  reac t i ons .  
y i e l d  a t  zero t i m e  may p o s s i b l y  a r i s e  from t h e  e a s i l y  e x t r a c t a b l e ,  non -cova len t l y  
bonded m a t e r i a l  i n  t h e  coal  m a t r i x  a s  3.47% o f  t he  coa l  i s  s o l v e n t  e x t r a c t a b l e  
(14) .  Decomposit ion and d i s s o l u t i o n  o f  t he  coa l  s t r u c t u r e  i s  s i g n i f i c a n t  even 
a t  3 minutes w i t h  convers ions o f  g r e a t e r  than 20%. 

The data i n d i c a t e  the  ex i s tence  o f  t w o  d i s t i n c t  r e a c t i o n  t ime zones; t he  
f i r s t  be ing p r i o r  t o  10 minutes and t h e  second from t h i s  t ime. 
minutes o f  r e a c t i o n  t h e r e  i s  much g a s i f i c a t i o n  as d e f u n c t i o n a l i z a t i o n  reac t i ons  
of  t h e  coa l  m a t r i x  occur .  T h i s  i s  markedly  i l l u s t r a t e d  by bo th  the  gas y i e l d s  
and g a s / o i l  y i e l d  r a t i o s .  The amount o f  water p r o d u c t i o n  i s  r e l a t i v e l y  cons tan t  
i n d i c a t i n g  t h e  major  r e a c t i o n  processes a re  r u p t u r e  o f  t h e  weaker bonds i n  the  
coal s t r u c t u r e  r a t h e r  than dehydroxy la t i on  and upgrading o f  s o l u b i l i z e d  species.  
However, i n  t h e  second t ime  zone gas p roduc t i on  remains constant ,  w i t h  the  gas/ 
o i l  y i e l d  r a t i o  a c t u a l l y  decreas ing,  suggest ing t h a t  g a s i f i c a t i o n  i s  now ma in l y  
dependent on the  removal o f  a l k y l  s u b s t i t u e n t s  r a t h e r  than  carboxy l  and carbonyl  
f u n c t i o n a l  groups. These have been predominant ly  removed w i t h i n  the f i r s t  few 
minutes o f  r e a c t i o n .  The water  y i e l d  increases s i g n i f i c a n t l y  as does the H O/ 
o i l  y i e l d  r a t i o  i n d i c a t i n g  t h e  removal o f  hydroxy l  mo ie t i es .  These may a r i &  
e i t h e r  from d e h y d r o x y l a t i o n  o f  the coa l  m a t r i x  t o  a i d  i t s  d i s s o l u t i o n  o r  from 
the  upgrading o f  t he  a l ready  s o l u b i l i z e d  fragments. 

separate r e a c t i o n  pe r iods .  As expected, l i t t l e  hydrogen i s  consumed d u r i n g  t h e  
i n i t i a l  s tages o f  d i s s o l u t i o n ,  where the removal o f  carboxy l  and carbonyl  groups, 
v i a  g a s i f i c a t i o n ,  i s  dominant. This low hydrogen consumption may be a d i r e c t  
r e s u l t  o f  t he  coa l  u t i l i z i n g  i t s  i n h e r e n t  hydrogen by s h u t t l i n g  type mechanisms. 
Although consumption does increase w i t h  t ime,  i t  i s  much g rea te r  d u r i n g  the  
l a t t e r  r e a c t i o n  p e r i o d .  
produced by b o t h  cleavage and more v igo rous  d e f u n c t i o n a l i z a t i o n  o f  t h e  coal  
m a t r i x  . 
f o r  t h e  same coal  hydrogenated under convent ional  batch autoc lave c o n d i t i o n s  
(56% c f .  60%), a l though  t h e  o i l  y i e l d s  d i f f e r  markedly (25% c f .  46%). 
d i f f e r e n c e  i s  d i f f i c u l t  t o  r a t i o n a l i z e  and r e s u l t s  from t h e  much h ighe r  water 
and gas y i e l d s  f o r  t h e  SRT exper iment .  
are l ower  than those r e p o r t e d  f o r  L i d d e l l  coal  under s i m i l a r  c o n d i t i o n s .  The 
p a r a l l e l  between i n c r e a s i n g  water  p roduc t i on  and o i l  y i e l d  tends t o  g i v e  
credence t o  W h i t e h u r s t ' s  hypothes is  t h a t  the l ower  o i l  y i e l d s  a t  s h o r t  t imes f o r  
low rank coa ls  a r e  due t o  the  i n s o l u b i l i t y  o f  t he  v e r y  p o l a r  i n i t i a l l y  formed 
fragments. 

and decreas ing oxygen con ten ts  w i t h  i n c r e a s i n g  r e a c t i o n  t ime.  The removal o f  
heteroatom m o i e t i e s  i s  f u r t h e r  evidenced by t h e  O/C r a t i o s  which s i m i l a r l y  
decrease. The H/C r a t i o s  however decrease o n l y  s l i g h t l y  w i t h  t ime suggest ing 
t h e  d i f f i c u l t y  o f  d e a l k y l a t i o n  r e a c t i o n s  and hence t h e  r e l a t i v e  p rese rva t i on  o f  
hydrogen i n  t h e  res idues .  The s i m i l a r  H/C va lues f o r  t he  va r ious  r e a c t i o n  t imes 
i n d i c a t e  the res idues  a re  m a i n l y  the  r e s u l t  o f  l o s s  o f  p e r i p h e r a l  heteroatom 
f u n c t i o n a l i t i e s  and n o t  s u b j e c t  t o  gross s t r u c t u r a l  a l t e r a t i o n  such as forming 
polycondensed aromat ic  systems. I f  t h i s  were the case i t  would be r e f l e c t e d  i n  
a s i g n i f i c a n t  l o w e r i n g  o f  H /C  values w i t h  t ime.  The H/C r a t i o  f o r  t h e  zero t ime 
res idue  i s  l ower  than f o r  the parent  coal  con f i rm ing  the instantaneous 
g a s i f i c a t i o n  and e x t r a c t i o n  o f  non-bound m a t e r i a l .  The genera l  t rends  i n  the 
Tota l  O i l s  a r e  a l s o  decreas ing oxygen and inc reas ing  carbon con ten ts  w i t h  t ime. 
This  c o r r e l a t e s  w i t h  i n c r e a s i n g  H/C and decreas ing O / C  r a t i o s ,  showing a l o s s  
of  heteroatom f u n c t i o n a l i t y  and a l o w e r i n g  o f  the condensed n a t u r e  (16)  o f  the 
o i l s  w i t h  t ime.  Again the  da ta  can be d i v i d e d  i n t o  two reg ions  centered n n  l n  
minutes, as demonstrated by t h e  much l o w e r  H/C  and O / C  r a t i o s  a f t e r  t h i s  t ime 
compared t o  those p r i o r .  
l i q u e f a c t i o n  processes. 

t a t i v e l y  suppor t  t h e  forement ioned data.  
m a r g i n a l l y  i n  the f i r s t  few minutes o f  r e a c t i o n  b u t  more markedly a t  l onger  
t imes. 

The o i l  

I n  t h e  f i r s t  few 

Donor s o l v e n t  hydrogen consumption data a l s o  suppor ts  t h e  concept o f  two 

The hydrogen i s  r e q u i r e d  t o  s t a b i l i z e  r a d i c a l  species 

The convers ion va lue  f o r  120 minutes i s  v e r y  s i m i l a r  t o  t h a t  repo r ted  (15)  

This  

The Loy Yang convers ions and o i l  y i e l d s  

The e lementa l  analyses o f  t he  res idues  (Table 2 )  shows i n c r e a s i n g  carbon 

This  f u r t h e r  i m p l i e s  t h e  t ime  dependency o f  d i f f e r e n t  

The I R  Spect ra ( F i g .  1) o f  the res idues  bo th  q u a l i t a t i v e l y  and semiquant i -  
The hydroxy l  abso rp t i on  decreases o n l y  

S i m i l a r l y  t h e  carbonyl Th is  corresponds w i t h  t h e  observed water y i e l d s .  

148 



a b s o r p t i o n  decreases r a p i d l y  w i t h  t i m e  and c o r r e l a t e s  w i t h  the  p r o d u c t i o n  o f  
carbon oxides. 
between t h e  l o s s  o f  oxygen and t h e  f o r m a t i o n  o f  carbon d i o x i d e  and carbon 
monoxide. There i s  a l s o  p r o p o r t i o n a t e  inc reases  i n  aromat ic C=C s t r e t c h i n g  and 
C-H bending w i t h  t ime,  suggest ing  t h e  res idues  a r e  a c q u i r i n g  g r e a t e r  a romat ic  
c h a r a c t e r .  The p r o p o r t i o n  o f  a l i p h a t i c  C-H s t r e t c h i n g  and bending v i b r a t i o n s  
s l i g h t l y  increase w i t h  t ime p a r a l l e l i n g  t h e  l o s s  o f  heteroatom f u n c t i o n a l i t y .  
Th is  f u r t h e r  i l l u s t r a t e s  t h e  r e l a t i v e  i n e r t n e s s  o f  a l k y l  compared t o  heteroatom 
f u n c t i o n a l i t i e s ,  and 

t h e  hydroxy l  absorp t ions  a l though be ing  p r o p o r t i o n a t e l y  l a r g e r  (approx. 16%) 
v a r y i n g  l i t t l e  w i t h  t ime.  Th is  i m p l i e s  t h a t  t h e  forementioned increased water 
p r o d u c t i o n  i s  more l i k e l y  a r e s u l t  o f  c leavage and d i s s o l u t i o n  o f  t h e  m a t r i x  
r a t h e r  than upgrading o f  t h e  a l r e a d y  s o l u b i l i z e d  species.  There i s  a general  
decrease i n  the  carbonyl  absorp t ions  w i t h  t ime,  w h i l e  the  converse i s  observed 
f o r  t h e  a l i p h a t i c  C-H s t r e t c h i n g s .  The aromat ic  C-H bending, a l though a l a r g e  
percentage a t  2 minutes (approx.  15%) decreases r a p i d l y  t o  a cons tan t  v a l u e  
(approx. 8%)  from 4 minutes onwards. 
i n c r e a s i n g  aromat ic C=C and a l i p h a t i c  C-H s t r e t c h i n g s .  

r e a c t i v i t y  o f  t h e  coal  a t  SRT. The a r o m a t i c i t y ,  f ( a ) ,  increases d r a m a t i c a l l y  
a f t e r  o n l y  2 minutes r e a c t i o n  f rom 0.61 i n  t h e  p a r e n t  coa l  t o  0.78 i n  t h e  
res idue.  Even a t  zero t i m e  f ( a )  i s  0.63, r e f l e c t i n g  the  l o s s  o f  carboxy l  and 
carbonyl  groups as gases. The f ( a )  values inc rease o n l y  m a r g i n a l l y  f rom 0.78 
t o  0.83 w i t h  t ime,  s u p p o r t i n g  e a r l i e r  conc lus ions  from elemental  analyses t h a t  
a l l  the  residues have s i m i l a r  a romat ic  s t r u c t u r e ,  d i f f e r i n g  m a i n l y  i n  degree o f  
f u n c t i o n a l i t y .  

(Tab le  3 )  g ive  a d d i t i o n a l  i n f o r m a t i o n  on t h e  n a t u r e  o f  t h e  TO. The percentage 
o f  exchangeable protons [H(exch)] inc reases  w i t h  t ime,  showing an i n c r e a s i n g  
p r o p o r t i o n  o f  pheno l ic  groups i n  t h e  o i l s .  Th is  t r e n d  was not as  e v i d e n t  from 
I R  da ta .  The values f o r  H(exch) f u r t h e r  suggest two r e a c t i o n  t i m e  zones as 
they  c l u s t e r  i n t o  two d i s c r e t e  groups. Al though t h e r e  a r e  no d i s c e r n a b l e  t rends  
w i t h  the  percentage o f  a romat ic  p ro tons  (H ,.). t h e  percentage o f  pro tons  on  
carbons 6 and f u r t h e r  f rom aromat ic  r i n g s  THO)  tend t o  inc rease w i t h  t i m e .  Th is  
i s  a l s o  shown i n  t h e  values f o r  t h e  average c h a i n  l e n g t h  ( n ) .  The o i l  produced 
a t  zero t ime has bo th  t h e  g r e a t e s t  p r o p o r t i o n  o f  Ho and the  l a r g e s t  va lue  o f  n, 
suggest ing i t  i s  o n l y  t h e  s o l v e n t  e x t r a c t a b l e  m a t e r i a l  f rom t h e  c o a l .  S o l v e n t  
e x t r a c t s  o f  a V i c t o r i a n  brown coa l  o f  t h e  same l i t h o t y p e  have been observed t o  
c o n t a i n  a s i g n i f i c a n t  amount o f  s t r a i g h t  c h a i n  m a t e r i a l ,  e i t h e r  a s  a lkanes ,  
a l c o h o l s  o r  f a t t y  a c i d s  (17) .  
10 minutes and increases  t o  120 minutes;  i n d i c a t i n g  more complete decomposi t ion 
o f  t h e  coal  i n  t h i s  l o n g e r  t i m e  domain. 
f rom cleavage o f  a l i c y c l i c  systems. The a r o m a t i c i t y ,  f ( a ) ,  and degree o f  
a romat ic  s u b s t i t u t i o n ,  o, g e n e r a l l y  decrease w i th  i n c r e a s i n g  r e a c t i o n  t i m e .  The 
t r e n d s  f o r  the  parameter &Fi.e., t h e  degree o f  condensation, a re  n o t  as 
c l e a r l y  def ined, b u t  i t  appears t o  inc rease w i t h  t ime i m p l y i n g  smal le r  s i z e  
aromat ic  systems. The decrease i n  a r o m a t i c i t y  and s u b s t i t u t i o n  o f  t h e  o i l  
i m p l i e s  t h a t  e i t h e r  some upgrad ing  o f  t h e  i n i t i a l l y  s o l u b i l i z e d  m a t e r i a l  has 
occur red  o r  t h e  l a t e r  d i s s o l v e d  m a t e r i a l  was more d e f u n c t i o n a l i z e d  p r i o r  t o  
d i s s o l u t i o n .  

The Molecular Weights (MW) o f  t h e  T o t a l  O i l  (Table 3 )  a re  a l l  s i m i l a r  w i t h  
the  number average MW ( M n )  v a r y i n g  from 210-320 w i t h  no r e a d i l y  i d e n t i f i a b l e  
t r e n d  w i t h  t ime.  The values o f  M n  a re  low compared t o  t h a t  r e p o r t e d  f o r  an o i l  
produced from t h e  same coa l  under normal ba tch  au toc lave  c o n d i t i o n s  (Mn = 487). 
The weight average MW (Mi )  and MW d i s t r i b u t i o n  (MWD) a l s o  show no apparent  
t rends .  These observa t ions  a r e  most l i k e l y  a d i r e c t  consequence o f  t h e  
i n s o l u b i l i t y  o f  a l a r g e  p o r t i o n  o f  t h e  o i l s  i n  t h e  s o l v e n t ,  THF, used f o r  MW 
de terminat ion .  
O i l  have been s e l e c t i v e l y  d i s s o l v e d .  T h i s  i n s o l u b i l i t y  may be i t s e l f  i n d i c a t i v e  
o f  t h e  h i g h  MW o f  these Tota l  O i l s .  

pyrolysis-Gas Chromatography o f  t h e  res idues  ( F i g .  4 )  r e v e a l s  a m a j o r  

Whitehurst  ( 3 )  has observed f o r  l o w  rank coals a good c o r r e l a t i o n  

suppor ts  t h e  forement ioned gas composi t ion data.  
The trends a r e  n o t  a s  w e l l  d e f i n e d  f o r  t h e  T o t a l  O i l  (TO)  ( F i g .  2 ) ,  w i th  

T h i s  i s  g e n e r a l l y  a t  the  expense o f  

CP-MAS 1 3 C  nmr o f  t h e  res idues  ( F i g .  3 )  f u r t h e r  i l l u s t r a t e s  the  s i g n i f i c a n t  

'H  nmr and s t r u c t u r a l  parameters d e r i v e d  from Brown-Ladner equat ions  

The va lue  o f  n then decreases t o  a minimum a t  

The increased c h a i n  l e n g t h s  c o u l d  r e s u l t  

More l i k e l y  i t  i s  a combinat ion o f  bo th  processes. 

Hence o n l y  s m a l l e r  MW species f rom t h e  v e r y  heterogeneous Tota l  
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r e d u c t i o n  o f  a l i p h a t i c  components w i t h i n  t h e  f i r s t  4 minutes o f  r e a c t i o n ,  and 
w i t h  o n l y  a l k y l  pheno ls  and ca techo ls  remain ing  a f t e r  45 minutes.  
t h a t  t h e  more e a s i l y  a c c e s s i b l e  and removable a l i p h a t i c  m a t e r i a l  i s  e x t r a c t e d  
p r e f e r e n t i a l l y  f rom t h e  coa l  m a t r i x  i n  t h e  i n i t i a l  stages o f  d i s s o l u t i o n ,  w h i l e  
a t  longer  t imes t h e  coa l  s t r u c t u r e  i t s e l f  must be more s e v e r e l y  decomposed t o  
inc rease t h e  o i l  y i e l d .  T h i s  i s  a l s o  revea led  by t h e  decrease i n  t h e  percentage 
o f  r e s i d u e  pyro lysed.  The presence o f  pheno l ic  species i s  d i r e c t l y  r e l a t a b l e  t o  
t h e  l i g n i n  i n p u t  t o  t h e  brown coa l .  T h e i r  ex is tence i n  t h e  pyrograms o f  t h e  
res idues  from 20 and 45 minu tes  supports t h e  hypothes is  t h a t  f u r t h e r  o i l  p roduc t -  
i o n  r e s u l t s  from c r a c k i n g  o f  t h e  l i g n i n - t y p e  components o f  t h e  c o a l  macro- 
molecules. Pyrolysis-Gas Chromatograms o f  t h e  TOs, which are  i n  e f f e c t  s imulated 
d i s t i l l a t i o n  p r o f i l e s ,  a l l  appear v e r y  s i m i l a r .  They d i f f e r  q u a n t i t a t i v e l y  
r a t h e r  t h a n  q u a l i t a t i v e l y  i n  composi t ion.  

technique known a s  Deno Ox ida t ion  (18) .  
and leaves t h e  a l i p h a t i c  p o r t i o n  e s s e n t i a l l y  i n t a c t .  
t h a t  even a t  0 minu tes  t h e r e  i s  a marked r e d u c t i o n  i n  t h e  t o t a l  y i e l d  o f  
a l i p h a t i c  hydrogen (65.6% c f  54.3%) compared t o  t h e  parent  coal  f rom both  
ass ignab le  and unass ignab le  m a t e r i a l .  Overa l l  t h e r e  i s  a r e d u c t i o n  w i t h  t i m e  f o r  
b o t h  t h e  t o t a l  a l i p h a t i c  and t o t a l  spectrum hydrogen y i e l d s ,  suggest ing  t h e  
res idues  a r e  becoming more aromat ic i n  na ture .  A c e t i c  a c i d  ( d e r i v e d  from a r y l  
methyl  grou d v a r i e s  l i t t l e  w i t h  t ime suggest ing  l i t t l e  inc rease i n  d e a l k y l a t i o n  
r e a c t i o n s .  S u c c i n i c  a c i d  (der ived  from hydroaromat ic s t r u c t u r e s )  w e l l  i l l u s t r a t e s  
t h e  ex is tence o f  two r e a c t i o n  zones. I t  i s  much reduced i n  t h e  second due t o  
b o t h  a p o s s i b l e  i n t e r n a l  hydrogen donat ion  and a more severe r u p t u r e  o f  t h e  coal  
s t r u c t u r e .  S i m i l a r l y ,  ma lon ic  a c i d  ( d e r i v e d  from b r i d g i n g  methylene groups) i s  
a l s o  reduced i n  t h e  second p e r i o d  as a r e s u l t  o f  bond cleavages and probab ly  
accompanying f r a g m e n t a t i o n  o f  aromat ic c l u s t e r s .  The 1" and 2" p ro tons  decrease 
i n  accord w i t h  the  t o t a l  a l i p h a t i c  hydrogen, whereas the  3" p ro tons  v a r y  l i t t l e  
w i t h  t ime.  However, the  pro tons  on carbons a t o  carbony l  c o n t a i n i n g  f u n c t i o n a l  
groups decrease s i g n i f i c a n t l y  w i t h  t ime, p a r a l l e l l i n g  t h e  l o s s  o f  t h e  f u n c t i o n a l  
groups as carbon o x i d e s .  The da ta  support  e a r l i e r  conc lus ions  from o t h e r  
techniques. 

V i c t o r i a n  brown c o a l .  Al though o i l  y i e l d s  and convers ion  are  lower  than f o r  
bi tuminous coa ls  t h e y  show t r e n d s  s i m i l a r  t o  those r e p o r t e d  f o r  USA low rank 
coals.  
d i s t i n c t  phases. One p r i m a r i l y  i n v o l v e s  e x t r a c t i o n  o f  t h e  coa l  and removal o f  
carboxy l  and carbony l  groups w h i l e  t h e  o t h e r  i n v o l v e s  a more severe d i s r u p t i o n a n d  
decomposi t ion o f  t h e  coal  m a t r i x  and removal o f  hydroxy l  m o i e t i e s .  I n  bo th  
phases d e a l k y l a t i o n  i s  n o t  a dominant r e a c t i o n .  

Th is  i n d i c a t e s  

The res idues  were d e g r a d a t i v e l y  o x i d i z e d  by p e r o x y t r i f l u o r o a c e t i c  ac id ,  a 
It s e l e c t i v e l y  o x i d i z e s  aromat ic  r i n g s  

The data (Tab le  4 )  revea ls  

Th is  paper has r e p o r t e d  t h e  r e s u l t s  o f  a donor s o l v e n t  SRT s tudy  o f  a 

The d i s s o l u t i o n  process appears t o  occur i n  two c h e m i c a l l y  and p h y s i c a l l y  
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TABLE 1: PRODUCT DISTRIBUTION 

A R e ~ ~ ~ ~ o n  Convers ion  O i l  H?OA ResidueA GasA,B H2O/oi l  Gas /o i l  
f m i n l  % y i e l d  y i e l d  y i e l d  y i e l d  
\""I,, 

0 9.0 0.90 2.59 91.00 5.50 2.88 6.12 
2 12.61 5.12 2.04 87.39 5.45 0.40 1.06 
3 21.02 6.08 2.43 78.98 12.51 0.40 2.06 
4 27.53 7.63 2.89 72.47 17.01 0.38 2.23 
10 32.39 10.65 4.77 67.61 16.91 0.45 1.59 
20 39.91 18.08 7.17 60.09 14.66 0.40 0.81 
45 48.95 19.55 15.32 51.05 14.08 0.78 0.72 
120 56.28 25.92 15.96 43.72 14.40 0.62 0.56 

A - g/100 g DAF Coal B - By d i f f e r e n c e  

TABLE 2: ELEMENTAL ANALYSES 

C H OA N H /C  O / C A  N/C Ash T i  me 
(min) 

LY 1277 62.35 5.20 31.89 0.59 1.00 0.38 0.01 0.71 
Tota l  O i l s  

0 74.69 2.48 22.30 0.53 0.40 0.22 0.01 6.00 
2 76.43 3.50 19.74 0.33 0.55 0.19 0.00 0.90 
3 76.87 4.18 24.50 0.49 0.65 0.24 0.01 2.0 
4 68.30 3.77 27.50 0.40 0.66 0.30 0.01 1.0 
10 73.84 4.17 21!81 0.16 0.68 0.22 0.00 0.70 
20 84.55 5.96 9.14 0.35 0.85 0.08 0.00 0.40 
45 82.93 5.87 10.72 0.41 0.85 0.09 0.00 2.40 
120 86.98 6.23 6.20 0.50 0.86 0.05 0.00 0.40 

0 65.24 4.68 29.44 0.65 0.86 0.34 0.01 0.79 
2 67.28 4.62 27.39 0.71 0.82 0.31 0.01 0.12 
3 68.86 4.62 25.78 0.73 0.81 0.28 0.01 1.13 
4 69.35 4.62 25.29 0.74 0.80 0.27 0.01 1.06 
10 70.51 4.70 24.06 0.79 0.80 0.26 0.01 1.06 
20 72.16 4.70 22.37 0.83 0.78 0.23 0.01 1.06 
45 74.40 4.87 19.79 0.95 0.79 0.20 0.01 1.97 
120 75.71 5.03 18.23 1.01 0.79 0.18 0.01 ?.29 

Residues 

A - Oxygen by d i f f e r e n c e  
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Low 2003 lob0 bw 

Wavenumber 1 cm-’1 
F I G .  1 .  I R  SPECTRA OF LIQUEFACTION RESIDUES 

LO00 m 1WO 600 
Wovenumber Icrn-’I 

F I G  2 .  I R  SPECTRA OF TOTAL OILS 
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